Introduction We present an unusual case of traumatic occult lateral mass fracture of the cervical spine with unilateral occlusion of the vertebral artery (VA), that was missed by plain X-ray and magnetic resonance imaging (MRI), but identified by computed tomography (CT) after suspecting high-energy trauma as the underlying cause. Case presentation A 67-year-old male was injured in a car accident and came to our institute on foot 4 days after injury with complaints of neck pain and numbness in the right hand. Although, no specific bone injury was visible on plain X-ray, the absence of flow voids in the right VA was confirmed on axial T2-weighted MRI. We suspected high-energy trauma of the cervical spine at that point and performed CT for a more detailed assessment. Consequently, a fracture was detected in the right lateral mass of C6 and we speculated that spontaneous reduction of the fracture-dislocation had occurred. One-stage surgery with posterior fixation was subsequently performed for instability. The patient's preoperative symptoms were improved and neither recanalization of the occlusion nor another VA occlusion was observed after surgery. Discussion VA injury occurs frequently as a complication of blunt cervical spine trauma. In the present case, however, the lateral mass fracture was not seen on MRI and missed until the unilateral VA injury was detected. When high-energy trauma of the cervical spine is suspected, it is important to evaluate damage to the spinal cord, bone, soft-tissue, and VA by MRI and CT.
Introduction
Fracture of the cervical spine is often missed by plain X-ray. Therefore, we use magnetic resonance imaging (MRI) to investigate damage to the spinal cord, bone, and soft-tissue. Here, however, we describe a rare case of occult lateral mass fracture with unilateral occlusion of the vertebral artery (VA) that was not recognized by plain X-ray or MRI.
This case highlights the importance of evaluating the cervical spine by both MRI and computed tomography (CT), when suspecting high-energy trauma as the underlying cause.
Case presentation
The patient was a 67-year-old male who had previously been healthy and had no appreciable disease in the past except for lumber spinal canal stenosis. He came to the outpatient department of our institute on foot with complaints of neck pain and numbness in the right hand since a traffic accident in which his car was overturned 4 days earlier.
At the initial visit, the patient's cervical spine was limited in self-motion because of pain. Numbness was present at the C6 dermatome in his right arm and slight muscle weakness (manual muscle testing grade 3) was observed during dorsiflexion of the right hand. No other neurological deficit was observed. Although, no fractures were visible on plain X-ray of the cervical spine ( Fig. 1) , MRI was performed due to C6 radicular signs. Consequently, the absence of flow voids in the right foramen transversarium was confirmed on axial T2-weighted images and VA occlusion was suspected (Fig.  2) . Neither spinal dural canal compression nor soft-tissue damage, nor fracture was observed on axial and parasagittal view. At that point, we performed CT of the cervical spine for a more detailed assessment. A fracture was detected at the right lateral mass of C6 and on CT and MR angiography, complete occlusion of the right VA was confirmed (Fig. 3) . Collectively, the patient was diagnosed with spontaneous reduction of a fracture-dislocation of the cervical spine associated with right VA occlusion and C6 nerve damage and we proceeded to surgical treatment 2 days after the initial visit.
One-stage surgery was performed with a posterior approach using C5/6 lateral mass screws on the left and wire between the spinous processes for posterior fixation. Severe instability was observed at the C5/6 level. An autogenous bone graft was placed at the right intervertebral joint. Surgery was performed without any complications (time of operation: 80 min; estimated blood loss: 10 mL). Postoperatively, a cervical hard collar (Bi-Turnbuckle Ortho collar; K.K Arizono Seisakusho, Kitakyushu, Japan [1] ) was applied to stabilize the cervical spine. On MR angiography, neither recanalization of the VA nor another VA occlusion was observed. The patient's preoperative symptoms and muscle weakness improved and bony fusion was confirmed. The patient resulted in his daily life without any specific problems.
Discussion
VA injury occurs frequently as a complication of blunt cervical spine trauma. In general, VA injury accounts for 17-46% of all blunt cervical spine traumas, and 0-45% of VA injury is associated with brain infarction, which leads to death 0-18% [2] [3] [4] [5] [6] [7] [8] [9] . It is also understood that trauma associated with fracture of the transversarium, facet fracture-dislocation, or vertebral subluxation of the cervical spine is highly likely to lead to VA injury [10] . VA occlusion is more common in motor-complete patients than in motor-incomplete or neurologically intact cervical spine injured patients. However, Torina et al. [11] concluded that the absence of neurologic symptoms in a patient with cervical spine fracture does not preclude VA occlusion and recommended that MR angiography should be considered in the diagnostic evaluation of these patients.
MRI is often superior to CT scan for detection of neural, ligamentous, and disc injuries and is seen as a gold standard by certain authors for clearing the cervical spine in a clinically suspicious or unevaluatable blunt trauma patients [12] [13] [14] . Muchow et al. [13] reported MRI could provide objective findings about the injury with a 100% negative predictive value. In contrast, the incidence of cervical spine bone injury that cannot be detected by plain X-ray alone accounts for as much as 18-53% of cases [15] [16] [17] [18] . Some studies have suggested that a cervical CT scan is useful and should replace cervical spine radiographs for the initial evaluation of blunt cervical spine injury so as not to miss an occult bone injury [19] [20] [21] [22] . The early detection of a cervical spine bone injury could be possible at the emergency units of medical centers wherein patients with high-energy trauma are transferred, since a whole-body CT scan is recommended [21, 23] . However, a whole-body CT scan is not necessary for all patients with a neck pain, as in the present case who attended the hospital by himself on the 4th post-injury day. In addition, MRI is often prioritized after plain X-ray when obstruction of the spinal cord is suspected to avoid exposing patients to unnecessary radiation and harm. In the present case, however, the lateral mass fracture was MRI-negative. Furthermore, neither specific soft-tissue damage nor a severe neurological deficit, except C6 spinal nerve radiculopathy, was observed. Awareness of traumatic occult lateral mass fracture of the cervical spine triggered by the presence of unilateral VA occlusion and a prediction of high-energy trauma as the underlying cause like our case are unusual and rarely described. On the basis of traumatic force and the presence of a lateral mass fracture ipsilateral to the VA occlusion, it could be speculated that a spontaneous reduction of the fracturedislocation, which is classified as a compressive-extension injury with rotatory force, had occurred [24] . Posterior fixation and bone fusion were performed to treat the rotatory instability. No antithrombotic treatment was performed for the VA occlusion because of the potential risk for increased bleeding during surgery. There is controversy in the treatment of blunt VA occlusion between the use of embolization and antithrombotic therapy regarding the benefits gained by blood flow and the risk of developing a reperfusion disorder [10, 25, 26] . Furthermore, we previously experienced the occurrence of delayed secondary bilateral VA occlusion after inadequate management of traumatic cervical spine injury [20] . In that case, interestingly, appropriate surgical reduction and stabilization restored the unilateral occlusion. In the present case, neither recanalization nor another occlusion of the VA was observed even after surgery, and no sign of brain infarction has been observed until the present time, which might be due to the early stabilization of the fracture.
In conclusion, this report describes a rare case of MRInegative traumatic occult lateral mass fracture of the cervical spine with unilateral VA occlusion. It is important to perform both MRI and CT when high-energy trauma of cervical spine is suspected, taking into consideration damage to bone, soft tissue, and the VA. Furthermore, early stabilization of an unstable cervical spine fracture is also necessary for the prevention of secondary VA occlusion. Fig. 3 Fracture of the right lateral mass of C6 was observed on axial CT (a) of the cervical spine (white arrow). CT (b) and MR (c) angiography showed complete occlusion of the right VA (black arrow)
